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Abstract

Purpose: The role of zoledronic acid (ZOL), a bone-targeted bisphosphonate, in the treatment of
patients with breast cancer remains an active area of study. Here, we report the long-term
outcomes of a randomized placebo-controlled phase I clinical trial in which ZOL treatment was
added to neoadjuvant chemotherapy in women with locally advanced breast cancer.

Methods: 120 women with clinical stage 11-111 (=T2 and/or =N1) newly diagnosed breast cancer
were randomized to receive either 4 mg intravenous ZOL every 3 weeks for 1 year (17 total doses)
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beginning with the first dose of neoadjuvant chemotherapy, or chemotherapy alone. Clinical
endpoints included time to recurrence (TTR), time to bone recurrence (TTBR), time to non-bone
recurrence (TTNBR), breast cancer survival (BCS) and overall survival (OS).

Results: With a median follow-up interval of 14.4 years, there were no significant differences in
any of the clinical endpoints studied between the control and ZOL groups in the overall study
population. However, ER+/HER2- patients younger than age 45 who were treated with ZOL had
significantly worse TTR and TTNBR with a trend towards worse TTBR, BCS and OS (TTR: P=
0.024, HR 6.05 [1.26-29.1]; TTNBR: £=0.026, HR 6.94 [1.26-38.1]; TTBR: A=0.054, HR 6.01
[0.97-37.1]; BCS: P=0.138, HR 4.43 [0.62-31.7]; OS: £=0.138, HR 4.43 [0.62-31.7]). These
differences were not seen in older ER+/HER2- patients or triple-negative patients of any age.

Conclusion: Addition of ZOL to neoadjuvant therapy did not significantly affect clinical
outcomes in the overall study population but was associated with increased extra-skeletal
recurrence and a trend towards worse survival in ER+/HER2- patients younger than age 45. These
findings suggest caution when using zoledronic acid in young, premenopausal women with locally
advanced breast cancer and warrant further investigation.
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Introduction

Breast cancer is the most common type of cancer in women, with over 250,000 new cases
diagnosed annually in the United States [1]. Treatment of localized breast cancer is
multimodal, including surgery and radiation as well as neoadjuvant and adjuvant systemic
treatments based on tumor size and subtype. However, a significant number of patients
develop recurrence despite these therapies. The pattern and timing of breast cancer
recurrence vary substantially based on the hormone receptor status of the tumor. For
example, triple-negative breast cancer (TNBC) subtype has a high rate of visceral metastasis
in the first five years after diagnosis while the likelihood of recurrence after this time period
is quite low [2, 3]. In contrast, the recurrence rate of estrogen receptor positive (ER+) breast
cancer remains constant for up to 20 years after diagnosis [4].

The presence of disseminated tumor cells (DTCSs) in the bone marrow has been associated
with disease recurrence and poor clinical outcomes independent of hormone receptor status
[5]. Through their interactions with the bone marrow microenvironment, these cells are
protected from the effects of systemic chemotherapy and may remain dormant for years.
Upon activation, they may form bone metastases through proliferation and stimulation of
osteoclastic bone resorption or they may leave the bone marrow to establish metastases at
other sites [6, 7]. Treatment with zoledronic acid (ZOL), a bone-targeted bisphosphonate,
has been shown to decrease the proportion of patients with detectable DTCs in multiple
studies [8-10]. Recently, several large clinical trials have examined the effect of ZOL
treatment on clinical outcomes in early-stage breast cancer [11-13]. With follow-up intervals
of 5-7 years, these trials suggest that adjuvant ZOL treatment in addition to adjuvant
endocrine therapy improves disease-free survival (DFS), particularly in postmenopausal
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women. However, the effects of ZOL treatment vary substantially based on menopausal
status, with an increase in extra-skeletal metastasis and worse overall survival noted in
young premenopausal women [14].

In this study, we report the long-term outcomes of a phase Il trial in which 120 women with
stage 11/111 breast cancer were randomized to receive ZOL or no ZOL administered with
standard neoadjuvant chemotherapy. A previous analysis of this trial with 5 years of follow-
up suggested a possible survival benefit of ZOL in patients with ER- tumors but not those
with ER+ tumors [15]. The impact of menopausal status on ZOL treatment effect was not
examined in detail.

Patients with clinical stage I1-111 (=T2 and/or =N1) newly diagnosed breast cancer, Eastern
Cooperative Oncology Group (ECOG) performance status of 0 or 1, and normal cardiac,
renal, and liver function were eligible for this study. Detailed inclusion and exclusion criteria
have been reported previously [8]. 120 women were enrolled in this study between March
17, 2003 and May 19, 2006, at Siteman Cancer Center, Washington University, St. Louis,
MO, USA. The Institutional Review Board of Washington University approved the study
and patients gave written informed consent. The Siteman Cancer Center’s quality assurance
and safety monitoring committee oversaw patient safety and all aspects of the study were
conducted in accordance with the Declaration of Helsinki. Patient outcomes were
determined through chart review and review of the Social Security database in November
2019.

Study Design and Treatment

This study is a single-center, open-label, phase 1l trial to evaluate the efficacy and safety of
adding ZOL to standard chemotherapy in women with stage 11/111 breast cancer
(ClinicalTrials.gov, NCT00242203). Enrolled women were randomly assigned to receive
either 4 mg intravenous ZOL every 3 weeks for 1 year (17 total doses) beginning with the
first dose of neoadjuvant chemotherapy, or chemotherapy alone without ZOL. The approved
dosing schedule of ZOL for bone metastasis was used [16]. The randomization process was
as previously described [8].

All women received four cycles of intravenous neoadjuvant epirubicin (75 mg/m2) plus
docetaxel (75 mg/m2) every 3 weeks, with granulocyte-colony stimulating factor support
and oral dexamethasone premedication (20 mg), followed by surgery and two cycles of
adjuvant epirubicin plus docetaxel administered every 3 weeks. Adjuvant radiation,
endocrine, and trastuzumab therapies were administered when indicated. Patients were
encouraged to take 1000 mg of calcium with 800 IU vitamin D daily. Adverse events were
assessed at each follow-up. Patients were removed from the study for safety reasons,
progression during chemotherapy, or recurrent disease development.
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Study Assessments

Immunostaining for ER, progesterone receptor (PR), and human epidermal growth factor
receptor-2 (HER2) was performed at Washington University. ER and PR were considered
positive if there was any detectable staining by immunohistochemistry (Ventana, Inc.,
Tucson, AZ, USA). HER2 was considered positive if HercepTest (Dako North America,
Inc., Carpinteria, CA, USA) was 3+ or if the fluorescence in situ hybridization (FISH) score
was >2.0. The FISH analysis was done for all specimens scored as 2+ by HercepTest.

Pre-treatment tumor size was defined as the largest tumor dimension documented by
mammogram, breast ultrasound, or magnetic resonance imaging. Pre-treatment lymph-node
status was defined as any abnormal lymph nodes on computed tomography or ultrasound
imaging, or on clinical exam, or by the presence of metastatic disease from fine-needle
aspiration or sentinel lymph-node biopsy. Pathologic complete response was defined as no
residual invasive tumor in the breast specimen or evidence of metastasis at the time of
surgery. Urinary N-telopeptide (NTX) was measured at baseline, 3 months and 12 months
after starting therapy using an immunoassay at Mayo Medical Laboratories (Rochester, MN,
USA). NTx was expressed as a ratio to urinary creatinine.

Clinical endpoints included time to recurrence (TTR),time tobone recurrence (TTBR), time
to non-bone recurrence (TTNBR), breast cancer survival (BCS) and overall survival (OS).
Breast cancer recurrence was defined as the first reappearance of breast cancer at any site
and included second primary breast cancers as well as local or distant recurrences of the
original breast cancer [17]. New primary malignancies which were not breast cancer were
not included in this definition. Where no recurrence was recorded before a death attributed
to breast cancer, it was assumed that a distant recurrence had just preceded it. TTR was
defined as the time interval between surgery (the time point of all residual disease removal)
and first detectable breast cancer recurrence. TTBR was defined as the time from surgery to
breast cancer recurrence in bone. TTNBR was defined as the time from surgery to breast
cancer recurrence outside bone. For calculation of TTR, TTBR and TTNBR, data were
censored at time of death or last follow-up if recurrence had not yet occurred. BCS was
defined as the time from diagnosis to death from breast cancer. OS was defined as the time
from diagnosis to death from any cause. Deaths from unknown causes were included with
deaths from breast cancer unless there was clear documentation that the death was not due to
breast cancer. For calculation of BCS and OS, data were censored at time of last follow-up if
death had not yet occurred.

Statistical Analysis

Kaplan-Meier survival curves were generated to represent TTR, TTBR, TTNBR, BCS and
OS in each patient subset. Comparison between groups was performed using a log-rank test.
Hazard ratios (HRs) and 95% confidence intervals (Cls) were calculated using a Cox
proportional hazards model adjusted for age, race, ER, PR and HER2 status as appropriate.
For comparison of NTx values between groups, a two-tailed Student’s t-test was used. P-
values < 0.05 were considered significant. All statistical analysis was performed using IBM
SPSS Statistics software, version 25.
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Results

Patients and Follow-Up

Of the 120 women enrolled in this study, one withdrew consent before receiving treatment
and was not included in the final analysis (Fig. 1). All other patients were included. Of these
patients, one did not have tumor biomarkers available and one did not undergo surgery for
her cancer. Thirteen patients (22.0%) in the control group and 17 patients (28.3%) in the
ZOL group did not complete the full course of neoadjuvant and adjuvant therapy. Patient
demographics and disease characteristics are shown in Table 1. Of note, 55 patients (46.2%)
had ER+/HER2- tumors and 37 patients (31.1%) had triple-negative tumors. The control
and ZOL groups were similar in terms of age, race, menopausal status and tumor
characteristics although the ZOL group had a slightly higher proportion of African-
American patients. At the time of database review in November 2019, 23 patients (39.0%) in
the control group and 27 patients (45%) in the ZOL group were known to be deceased. Of
the surviving patients, median follow-up was 14.4 years and 90% had > 10 years of follow-
up (Table S1).

Recurrence and Survival

For the overall study population including all ages and breast cancer subtypes, there were no
significant differences in TTR (P=0.144), TTBR (P=0.180), TTNBR (P=0.170), BCS (P
=0.338) or OS ( P=0.412) between the control and ZOL groups (Fig. 2). Twenty-three
patients (39.7%) in the control group and 31 patients (51.7%) in the ZOL group had disease
recurrence after surgery. The timing of these recurrences differed substantially based on the
receptor status of the tumor. In patients with triple-negative tumors, 1 recurrence (11.1%) in
the control group and 3 recurrences (33.3%) in the ZOL group occurred more than 5 years
after surgery. In contrast, in patients with ER+/HER2- tumors, 4 recurrences (50.0%) in the
control group and 7 recurrences (50.0%) in the ZOL group occurred more than 5 years after
surgery.

In the control group, 20 deaths were due to breast cancer and 3 deaths were due to other
causes. In the ZOL group, 25 deaths were due to breast cancer and 2 deaths were due to
other causes. Median BCS and OS were not reached in either the control or ZOL groups.
Four patients (6.8%) in the control group and 5 patients (8.3%) in the ZOL group had a
pathologic complete response to neoadjuvant chemotherapy. Of these patients, one died of
an unrelated cancer (jejunal adenocarcinoma) and two had local recurrence of their breast
cancer more than 10 years after surgery. The remainder are alive and disease-free. Overall,
32 patients (54.2%) in the control group and 27 patients (45.0%) in the ZOL group were
alive and without recurrence at the time of last follow-up.

While large clinical trials have generally shown a neutral or beneficial effect of ZOL
treatment, several previous studies have noted a trend towards harm, particularly in young
premenopausal patients [11, 14, 18, 19]. To examine this further, we stratified our results by
age with a cutoff of 45 years chosen to distinguish premenopausal patients from
perimenopausal and postmenopausal patients. A subgroup analysis of perimenopausal
women age 45-54 was also performed. As seen in Figure 3, there was a trend towards worse
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TTR, TTBR and TTNBR in patients younger than age 45 who were treated with ZOL (TTR:
P=10.086, HR 2.52 [0.88-7.23]; TTBR: £=0.114, HR 3.08 [0.76-12.44]; TTNBR: P=
0.068, HR 2.79 [0.93-8.43]). However, there were no significant differences in BCS or OS
in these patients (BCS: P=0.381, HR 1.67 [0.53-5.23]; OS: £=0.381, HR 1.67 [0.53—
5.23]). There were also no significant differences in any of the clinical outcomes studied in
patients 45 years of age and older (Fig. S1. TTR: £=0.580; TTBR: P=0.832; TTNBR: P=
0.738; BCS: P=0.606; OS: £P=0.788) or in patients age 45-54 (Fig. S2. TTR: P=0.838;
TTBR: P=0.864; TTNBR: £=0.953; BCS: £=0.815; OS: £=0.927).

In an earlier analysis of this study, ER status was found to be an important predictor of both
survival and ZOL efficacy [15]. Consequently, in this long-term follow-up study, we further
stratified our patients by ER status to determine whether ZOL treatment has differential
effects on patients with ER+ and ER- tumors. Due to the emergence of HER2-targeted
therapy and in order to analyze more uniform subsets of breast cancer patients, we focused
our analysis on patients with ER+/HER2- and triple-negative tumors. As seen in Figure 4,
ER+/HER2- patients younger than age 45 who were treated with ZOL had significantly
worse TTR and TTNBR with a trend towards worse TTBR, BCS and OS (TTR: P=0.024,
HR 6.05 [1.26-29.1]; TTNBR: P=0.026, HR 6.94 [1.26-38.1]; TTBR: = 0.054, HR 6.01
[0.97-37.1]; BCS: P=0.138, HR 4.43 [0.62-31.7]; OS: P=10.138, HR 4.43 [0.62-31.7]). In
contrast, ZOL treatment did not significantly affect any of the clinical outcomes studied in
ER+/HER2- patients 45 years of age and older (Fig. S3), age 45-54, or triple-negative
patients of any age (Figs. S4 and S5). These results are summarized in Table 2.

Role of Bone Turnover

To assess whether ZOL’s effects on survival were related to its effects on bone turnover, we
looked at changes in urinary N-telopeptide (NTX) levels measured at baseline and 12 months
after starting treatment. We hypothesized that if ZOL’s effect on bone turnover was
responsible for its effects on recurrence and survival, then patients who had the most
pronounced changes in bone turnover markers would have the most dramatic differences in
clinical outcomes. We again divided patients into groups based on age and ER status and
compared baseline NTx levels and change in NTx levels during treatment. There was no
difference between baseline NTx levels in patients treated with ZOL and patients not treated
with ZOL in all groups (Fig. 5A). As expected, ZOL treatment led to a significantly negative
change in NTx levels in all groups consistent with reduced bone turnover (Fig. 5B).
However, there were no differences in any of the clinical outcomes studied between patients
with high (greater than median) change in NTx levels and those with low (less than median)
change in NTx levels in ER+/HER2- patients younger than age 45 (Table 3).

Discussion

In this long-term study with a median follow-up of 14.4 years, the addition of neoadjuvant
ZOL to standard therapy did not significantly affect recurrence or survival in the overall
population of women with stage 11/111 breast cancer representing all breast cancer subtypes.
However, the effect of ZOL treatment on these outcomes was notably different depending on
patient age and tumor subtype. In patients with triple-negative tumors, there was a slight

Breast Cancer Res Treat. Author manuscript; available in PMC 2022 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jallouk et al.

Page 7

trend towards improved outcomes with ZOL treatment which did not reach statistical
significance in patients of all ages (Table 2). This result is consistent with our previous
finding at 5 years of follow-up that ZOL treatment improved DFS and OS in patients with
ER- tumors [15]. In that study, ZOL treatment did not significantly affect DFS and OS in
the ER+ or ER+/HER2- subgroups. With additional follow-up, however, we now find that
ER+/HER2- patients younger than age 45 who were treated with ZOL had significantly
worse TTR and TTNBR with a trend towards worse TTBR, BCS and OS.

Recently, several large clinical trials have studied the effects of bisphosphonate therapy on
clinical outcomes in early-stage breast cancer. The National Surgical Adjuvant Breast and
Bowel Project (NSABP) B-34 trial found that adjuvant use of oral clodronate improved
recurrence-free interval in older patients but not in the overall study population [20].
Similarly, the Austrian Breast and Colorectal Cancer Study Group (ABCSG)-12 trial found
that adjuvant use of zoledronic acid improved DFS in ER+ patients but all patients in this
trial had menopause induced through the use of goserelin [13]. The Adjuvant Zoledronic
Acid to Reduce Recurrence (AZURE) trial was a large multi-national study which examined
the effects of adjuvant zoledronic therapy in early-stage breast cancer. With 10 years of
follow-up, treatment with ZOL had no effect on the overall population but improved DFS in
postmenopausal women. Interestingly, ZOL treatment led to worse outcomes in young
patients, with an increase in relapse and worse OS noted [14]. Recently published results
from the NEOZOTAC trial also suggest that addition of zoledronic acid to neoadjuvant
chemotherapy does not improve pathological complete response and worsens overall
survival in patients with HER2- stage 11/111 breast cancer [18, 21]. Of note, over 80% of
patients in this trial were ER+ and/or PR+ and over 50% were pre- or perimenopausal. Our
results are consistent with these studies.

Numerous mechanisms have been proposed to explain the differential effects of ZOL
treatment in premenopausal and postmenopausal women, many of which focus on the bone
microenvironment [22, 23]. Interestingly, in the AZURE study, treatment of young patients
with ZOL was primarily associated with an increase in recurrence at extra-skeletal sites [11].
We, too, find that ZOL treatment significantly increases non-bone recurrence while having a
less pronounced impact on skeletal recurrence (Fig. 4, Table 2). One possibility is that
inhibition of bone resorption creates a more inhospitable environment for disseminated
tumor cells, prompting their migration out of the bone and into other sites of recurrence. Yet,
when patients were stratified by the degree to which bone turnover was impacted by therapy,
there was no difference in any of the clinical outcomes studied between those who had the
greatest inhibition of bone turnover and those who had the least (Table 3). This finding raises
the possibility that ZOL’s impact may be independent of bone turnover and may result from
effects on the immune system or direct effects on tumor cells themselves. For instance, ZOL
treatment may lead to dormancy of disseminated tumor cells, thereby rendering them more
resistant to chemotherapy [24]. Other biological characteristics of the tumor are also likely
to contribute. For instance, the AZURE study found that premenopausal women with MAF
amplification had significantly worse survival with ZOL treatment [14, 25]. These results
demonstrate the need for additional studies to characterize the molecular impact of ZOL
treatment on the tumor and its microenvironment.
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Along with local factors, the systemic hormonal milieu has been proposed as an important
determinant of ZOL’s impact on tumor growth [22, 23]. In our study, ZOL’s effect on
survival specifically in young, premenopausal women with ER+ tumors suggests that
estrogen signaling may play a role in the underlying mechanism. Of note, only 22.7% of ER
+/HER2- patients younger than age 45 in our study received ovarian suppression therapy
while the remainder were treated with either tamoxifen (50%) or an aromatase inhibitor
(22.7%) alone (Table S2). This treatment approach differs from that of the ABCSG-12 trial
in which all patients received ovarian suppression with goserelin in addition to either
tamoxifen or anastrozole [13]. The survival benefit of ZOL treatment in premenopausal
patients noted in the ABCSG-12 trial may be related to this additional ovarian suppression.
Conversely, the use of aromatase inhibitors alone in some of our premenopausal patients
may have led to incomplete suppression of estrogen levels which may have compounded any
interaction with ZOL treatment and worsened outcomes in the premenopausal study
population. ZOL treatment in perimenopausal patients age 45-54 did not appear to affect
clinical outcomes in our study (Fig. S2), suggesting that these patients do not behave as
premenopausal patients in this regard, possibly due to more effective suppression of estrogen
activity in this population. It is also interesting to note that 72.7% of ER+/HER2- patients
younger than age 45 in our study received tamoxifen while only 27.3% of ER+/HER2-
patients age 45 and older received this medication. It is therefore possible that an interaction
between ZOL and tamoxifen contributed to the inferior survival found in younger patients.
The heterogeneity of hormonal therapies used is a limitation of our study and additional
studies are needed to clarify the interactions between ZOL treatment, estrogen signaling and
endocrine therapy in breast cancer patients.

Although our study is smaller than some recently published trials, it has the advantage of
long-term follow-up, with a median follow-up interval of 14.4 years and 90% of patients
with > 10 years of follow-up. The importance of such long-term follow-up is demonstrated
particularly in our ER+/HER2- patients, where 50% of recurrences occurred more than 5
years after surgery and 31.8% of recurrences occurred more than 10 years after surgery. Our
focus on triple-negative and ER+/HER2- subgroups permits analysis of more uniform
subsets of patients while eliminating confounding from HER2-directed therapy. Similarly, as
a single dose of ZOL is known to have antiresorptive effects in the bone for up to 3 years
[26], we used 45 years of age as a threshold to identify premenopausal women who would
likely remain premenopausal throughout the duration of ZOL’s effect. Nevertheless, the
pharmacodynamics of ZOL as it relates to tumor development are unknown and many
patients became menopausal over the course of the study, further complicating analysis.
Additionally, our study was not designed or powered to draw conclusions regarding these
subgroups so these results should be considered hypothesis-generating and interpreted with
appropriate caution.

In summary, addition of ZOL to neoadjuvant therapy did not significantly affect recurrence
or survival in the overall study population of patients with stage 11/111 breast cancer.
However, ZOL treatment was significantly associated with inferior time to recurrence and
increased extra-skeletal recurrence in ER+/HER2- patients younger than age 45. These
findings, in conjunction with those of other large randomized clinical trials, suggest caution
when using zoledronic acid in young, premenopausal women with locally advanced breast
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cancer and warrant further investigation into the mechanisms by which bisphosphonates
impact tumor growth and development.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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v

13 withdrew during treatment
4 withdrew consent or moved
1 non-compliant
7 progressive disease
1 unknown reason

46 completed treatment

59 included in analysis
At time of analysis:
23 deceased

36 alive or lost to follow-up

Fig. 1.
Trial profile
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Table 1.

Patient demographics and disease characteristics

| No Zoledronic Acid (N = 59) | Zoledronic Acid (N = 60)

Median Age (Range) | 47 (31-68) | 49 (29-67)

Race, N (%):

Caucasian 45 (76.3) 39 (65.0)
African-American 11 (18.6) 20 (33.3)
Hispanic 0 1(1.7)
Asian 3(5.1) 0

Menopausal Status, N (%0):
Premenopausal 33(55.9) 31(51.7)
Postmenopausal 26 (44.1) 29 (48.3)

Pathology, N (%0):

Ductal carcinoma 49 (83.1) 47 (78.3)
Lobular carcinoma 7(11.8) 7(117)
Other 3(5.1) 6 (10)
Mean tumor size, cm (s.d.) 3.56 (2.41) 3.81(2.03)
Lymph-node positive, N (%) 33 (55.9) 38(63.3)

Grade, N (%)

1 2(3.4) 7(11.7)
1 28 (47.5) 20 (33.3)

1l 29 (49.2) 33 (55)

Receptor status, N (%)
ER+ 34 (57.6) 32(53.3)
PR+ 31 (52.5) 24 (40)
HER2+ 10 (16.9) 13 (21.7)
ER+/HER2- 29 (49.2) 26 (43.3)
ER-/PR-/HER2- 17 (28.8) 20 (33.3)
Unknown 1(1.7) -
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Table 2.

Page 18

Summary of the effect of ZOL treatment on clinical outcomes. Data are presented as number of events /
number of patients in each group followed by hazard ratio and 95% confidence interval

Recurrence Bone Recurrence | Non-Bone Recurrence | Breast Cancer Survival Overall Survival
Age < 45, ER+/ ZOL: 5/8 ZOL: 4/8 ZOL.: 5/8 ZOL: 3/8 ZOL: 3/8
HER2- No ZOL: 3/14 No ZOL: 2/14 No ZOL.: 2/14 No ZOL: 2/14 No ZOL: 2/14
HR 6.05 HR 6.01 HR 6.94 HR 4.43 HR 4.43
[1.26-29.1] [0.97-37.1] [1.26-38.1] [0.62-31.7] [0.62-31.7]
Age >= 45, ER+/ ZOL: 9/18 ZOL: 3/18 ZOL: 8/18 ZOL.: 8/18 ZOL: 9/18
HER2- No ZOL: 5/15 No ZOL: 5/15 No ZOL: 5/15 No ZOL: 3/15 No ZOL: 4/15
HR 1.95 HR 0.78 HR 1.53 HR 2.71 HR 2.13
[0.57-6.66] [0.16-3.83] [0.44-5.30] [0.54-13.6] [0.54-8.31]
Age 45-54, ER+/ ZOL: 5/10 ZOL: 2/10 ZOL: 5/10 ZOL: 4/10 ZOL: 5/10
HER2- No ZOL: 3/9 No ZOL.: 3/9 No ZOL: 3/9 No ZOL: 1/9 No ZOL: 2/9
HR 3.12 HR 1.68 HR 2.62 HR 2.79 HR 2.10
[0.51-19.0] [0.15-18.9] [0.46-15.0] [0.19-40.8] [0.30-14.9]
Age < 45, Triple- ZOL: 3/7 ZOoL: 27 ZOL.: 3/7 ZOL: 2/7 ZOL: 217
Negative No ZOL: 3/5 No ZOL: 1/5 No ZOL: 3/5 No ZOL.: 4/6 No ZOL.: 4/6
HR 0.89 HR 0.49 HR 0.89 HR 0.31 HR 0.31
[0.12-6.59] [0.03-7.94] [0.12-6.59] [0.03-3.11] [0.03-3.11]
Age >=45, Triple- ZOL: 6/13 ZOL: 2/13 ZOL: 5/13 ZOL: 5/13 ZOL: 6/13
Negative No ZOL.: 6/11 No ZOL: 2/11 No ZOL: 5/11 No ZOL: 5/11 No ZOL: 6/11
HR 0.53 HR 0.54 HR 0.47 HR 0.53 HR 0.52 [0.16-1.66]
[0.17-1.72] [0.07-4.03] [0.13-1.72] [0.15-1.89]
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Table 3.

Summary of clinical outcomes in ER+/HER2- patients younger than age 45 stratified by amount of change in

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny
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NTx levels from baseline to 12 months. Data are presented as number of events / number of patients in each
group followed by hazard ratio and 95% confidence interval

Recurrence

Bone Recurrence

Non-Bone Recurrence

Breast Cancer Survival

Overall Survival

Age < 45, ER+/HER2-

ANTX Low: 3/7
ANTX High: 3/7
HR 1.99
[0.30-13.4]

ANTX Low: 1/7
ANTX High: 1/7
HR 1.48
[0.06-39.4]

ANTX Low: 2/7
ANTX High: 2/7
HR 6.55
[0.55-78.7]

ANTX Low: 3/7
ANTX High: 3/7
HR 1.99
[0.30-13.4]

ANTX Low: 4/7
ANTX High: 4/7
HR 2.44
[0.44-13.6]
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